In general, the prevalence and genotype distribution of hepatitis C virus (HCV) are estimated based on the ambulatory clinic or hospital population. In the present work, a population-based study was conducted to estimate the prevalence of HCV infection in Salvador, Brazil. A total of 1308 serum samples were collected from 30 'sentinel areas', and the prevalence of HCV infection was determined by ELISA and confirmed by recombinant immunoblot assay and RT-PCR. The overall prevalence of HCV infection was 1.5% (20/1308). Prevalence was greater among those aged 35 years or older and those with more education. Genotype 3 was the most common (53.3%), followed by genotypes 1 (40%) and 2 (6.7%). These observations are different from those found in a prior survey of hospital and ambulatory patients in Salvador, who were most frequently infected with genotype 1, followed by genotypes 3 and 2, respectively.
Introduction
Hepatitis C virus (HCV) is the main aetiological agent of non-A and non-B hepatitis and is associated with chronic infection, cirrhosis and hepatocellular carcinoma (Cochran, 1977; Roggendorf et al., 2000; Tong et al., 1995) . The worldwide chronic HCV infection prevalence is estimated to be 3% (EASL, 1999) , varying from 0.1% to 5% in different countries.
There are approximately 175 million chronic HCV carriers in the world, an estimated 4 million of whom are in the USA and 5 million are in Western Europe. In most studies, much of the information is based on readily accessible samples such as those obtained from selection of individuals in blood banks, cases of chronic hepatitis and haemodialysis patients (Di Lallo et al., 1999) . These studies do not represent the real prevalence of HCV infections in the general population. In Brazil, the estimated HCV prevalence is approximately 1.5%; more than 2 million people are infected with the virus (Ministério da Saúde, Brasil, 1993) . This estimate is based on studies performed on blood donors, such as the study in Salvador where a prevalence of 1.7% was determined (N. Santana, unpublished data). Few studies describe HCV infection prevalence in the general population in Brazil, such as the one described in São Paulo (Focaccia et al., 1998; Silva et al., 1995) . Epidemiological data suggest that the HCV genotype distribution varies between different regions (Davidson et al., 1995; Schreier et al., 1996) . Genotypes 1, 2 and 3 are most prevalent in Japan, Western Europe and North America; genotype 4 in Northern and Central Africa and the Middle East; genotype 5 in South Africa; and genotype 6 in Southeast Asia (Nousbaum, 1998) . In Brazil, some previous studies revealed the predominance of genotype 1, followed by genotypes 3 and 2 (Krug et al., 1996; Oliveira et al., 1999; Silva et al., 2000) .
Here we report the prevalence of HCV infection and genotype distribution in a population-based study in a large urban setting in Brazil.
Materials and methods

Study design
In 1998 the city of Salvador had approximately 2.3 million inhabitants, with wide differences between specific areas regarding the socio-economic status of the population and the quality of their environment. This investigation is part of a large ongoing project to estimate the incidence and prevalence of serological markers of infectious agents among residents of distinct intra-urban spaces in Salvador (capital of Bahia state, north-east Brazil), referred to as 'sentinel areas'. The sampling scheme is described in detail elsewhere (Teixeira et al., 2002) . Briefly, the study population was drawn from a spatial cluster sample of 30 neighbourhoods throughout the city (sentinel surveillance areas), taken from the 1765 census tracts of Salvador (1991 census). The census tracts were selected on the basis of sanitation coverage and income level in order to represent the range of living conditions within the city. Information regarding income, sanitation and population density was supplied by the Brazilian Geography and Statistics Institute (IBGE) (http://www.ibge.gov.br) (Fundação IBGE, 1996) . A census was carried out in the selected areas and identified 68 749 residents. For sample size calculation, the seroprevalence of important virus infections as well as other parameters were considered and 2149 residents from the 30 sample areas were selected by random sampling without replacement and with post-stratification (Cochran, 1977) . Data on area of residence, sex, age, income and educational level were collected between May and July 1998 by questionnaire. After obtaining informed consent, a blood sample was collected from 1308 individuals. Samples were anonymized and unlinked prior to laboratory analysis, and investigation of HCV seroprevalence was conducted retrospectively. It was therefore not possible to collect information subsequently regarding other important risk factors for HCV infection. 
Laboratory tests
Hepatitis C antibody (anti-HCV) was screened by an automated ELISA (Microparticle Enzyme Immunoassay (MEIA) System AxSYM; Abbott Diagnostics, Wiesbanden, Germany). A supplemental recombinant immunoblot assay (RIBA 3.0; Chiron, Emeryville, CA, USA) confirmatory test was performed for each sample. The procedures strictly followed the manufacturers' instructions. HCV RNA was detected by RT-PCR. Briefly, 200 l of serum was used for HCV RNA extraction by the guanidinium isothiocyanate-phenol-chloroform method (Chomezynski and Sacchi, 1987) and was then precipitated with ethanol and dried (Sambrook et al., 1989) . HCV RNA was immediately doubly transcribed into cDNA and PCR was carried out (Li et al., 1995) . Positivity was established by electrophoresis on a 1.5% agarose gel and staining the gel with ethidium bromide. The size of the RT-PCR product was 268 bp. The sensitivity of this PCR is approximately 100-200 UI/ml (Krajden, 2000) .
The samples were considered positive when at least two tests among ELISA, RIBA and PCR were positive. Samples were genotyped by an in-house assay employing RT-nested PCR and RFLP analysis (Davidson et al., 1995) .
Statistical analysis
Data were analysed using Epi Info 6.04d program (CDC, Atlanta, GA, USA) and STATA version 7.0 (Stata Corp., College Station, TX, USA). Frequency distributions were determined for each variable. Age was categorised from an originally continuous variable and the best single cut-off point was found to be below and above 35 years of age. Other categorical variables (and cut-off points) were: education (≥7 years and <7 years of schooling); income (≤2.5 and >2.5 Brazilian minimum wage (MW)/month, approximately US$125 at the time of our survey; MW at the time of our survey was approximately US$50.00).
We choose these cut-off points based on the social structure of the city of Salvador where the majority of the population belong to low-income groups. Neighbourhood of residence was categorised into better and worse living conditions based on the level of sanitation coverage in the neighbourhood and individual income. The 2 test or the Fisher's exact test were used for comparison of proportions. Unadjusted odds ratios (OR) and 95% CI were calculated with 2 × 2 tables and used to explore the association of study variables and HCV prevalence.
Results
The anti-HCV seroprevalence detected by ELISA was 3.2% (42/1308) ( all the results that were positive by ELISA with an optical density/cut-off (OD/CO) ≥3 (Table 2 ). The specificity of RIBA was 100% when testing seven negative ELISA samples, which were AgHBs positive (four) and anti-HAV IgM positive (three). HCV RNA was detected (Figure 1 ) in ten RIBA-positive samples, three indeterminate RIBA samples and four negative RIBA samples, which would result in a prevalence of 1.3% (17/1308). The final prevalence was 1.5% (20/1308) when the three positive RIBA samples that did not show detectable HCV RNA were included (Table 3 ). The study variables for the 20 positive individuals are described in Table 4 .
Genotyping was successfully performed on 15 of the 17 HCV RNA positive serum samples. The test demonstrated a predominance of the genotype 3 (8/15), followed by genotypes 1 (6/15) and 2 (1/15). It was not possible to determine the genotype in two samples owing to insufficient material.
Prevalence was nine times greater among those aged 35 years or older (OR = 9.18, 95% CI 3.02-27.90). In fact, there were only four positive individuals below 35 years of age. Females appear to have a higher prevalence, but this was not statistically significant compared with males. Those with less education had a lower prevalence than those with more education (OR = 0.16, 95% CI 0.05-0.50), as did those with lower income and poorer living conditions. However the numbers are small for the last two variables and are not statistically significant (Table 5 ). 
Discussion
In Latin America, local experiences have been developed for monitoring health problems by selecting intra-urban spaces referred to as 'sentinel areas'. This strategy was used in Salvador, Brazil, with the objective of evaluating the impact of different diseases on the health of the population (Killinger et al., 2000; Teixeira et al., 2002) . Results from these studies already point to the great potential of the strategy, supporting the city's epidemiological surveillance with previously unknown information, enhancing the analyses of the health situation, and fostering the development of special epidemiological studies.
The overall prevalence of HCV infection was 1.5% (20/1308) in a large sample of individuals of all ages (6 months to 98 years) from 30 sentinel surveillance areas in Salvador. Initially, a prevalence of 3.2% was observed in our study by ELISA. However, when the RIBA confirmatory test and RT-PCR were used, the final prevalence fell to 1.5%, which was expected in a low-risk population where the number of false-positives tests for ELISA is high. This prevalence is almost the same as that found in the municipal district of Sao Paulo, which was 1.4% using the same confirmatory tests to identify cases (Focaccia et al., 1998) . Our study also demonstrated an HCV prevalence close to that found by Silva et al. in 1995 of 1.25% in Salvador with confirmation only by RIBA (Silva et al., 1995) . The inability to perform RT-PCR at that time could explain the slightly lower prevalence found in that study.
In 1998, the city of Salvador had approximately 2.3 million inhabitants. If we extrapolate the prevalence of 1.5% to the general population of Salvador, considering that the samples were randomly selected within the sentinel areas and that they represent the various types of living conditions of the population, we can estimate a maximum of 34 500 individual HCV virus carriers. Of these, 24 150 (70%) could develop chronic hepatitis, from which 4830 (20%) could develop cirrhosis, and of these 386 (8%) could develop hepatocellular carcinoma after approximately 20 years of infection.
In the PCR assay, HCV RNA was found in 40.5% of the samples that were positive by ELISA (17/42), where ten of these were positive by RIBA, three were indeterminate and four were negative by RIBA. The latter probably represent individuals at the beginning of infection or those with immunosuppression, since the HCV RNA was confirmed positive. The percentage of HCV RNA positivity could have been underestimated, since only one sample from each individual was analysed. Moreover, the RNA can be present intermittently. This does not exclude the possibility of a chronic infection in the individuals who were RIBA positive or undetermined but who did not show RNA in the sample analysed (Krug et al., 1996) . Moreover, these samples were previously manipulated, which could have resulted in undetectable RNA.
We were able to genotype 15 of the 17 samples that were HCV RNA positive. The genotype of the other two samples could not be determined owing to insufficient material. We verified a higher frequency of genotype 3 (53.3%), followed by genotypes 1 (40%) and 2 (6.7%). This is in contrast to the genotype distribution observed by Silva et al. (2000) in a study conducted on HCV antibody positive individuals followed in ambulatory clinics and hospitals in Salvador, where a higher prevalence of genotype 1 (62.7%) followed by genotypes 3 (21.7%) and 2 (3.6%) was found. The difference observed in the two previous studies could be attributed to the difference in study design, such as observed in Italy where Guadagnino et al. (1997) found a higher prevalence of genotype 2 (44.6%) in the general population than in patients with chronic disease. Krug et al. (1996) observed that the prevalence of genotype 3 (37%) was higher than expected, in contrast to the majority of data published in southern Brazil, among patients who were HCV RNA positive in Porto Alegre. However, the prevalence of genotype 1 (55%) was still higher than genotype 3 (37%) or 2 (8%). Because the number of positive cases was small, new studies are necessary to confirm the high frequency of genotype 3 in Salvador.
Analysing the data among subgroups of the population, we observed a statistically significant association with age of 35 years and older compared with those with below 35 years. Other studies show evidence that the number of cases increases with age, especially after 30 years of age (Alter et al., 1999; Focaccia et al., 1998) . In fact, in our data there was only one person infected at age 19 years and all the others were 30 years or older. This increase in prevalence is probably a combined result of an age effect and the greater risk of infection among females. Another possible explanation could be a combination of a period, cohort and age effect. Indeed, the higher proportion of infection among older groups might also reflect past infection during times of greater risk (cohort effect). Injection drug use is much less prevalent in the north-east region compared with the south-east region of Brazil and it is not common among the more affluent individuals of the north-east.
We found a greater number of females among the infected, but this was not statistically different compared with males. The association of HCV with gender is not clear. Silva et al. (1995) did not find any significant association between HCV and gender in Salvador. In a study in the general population in the city of São Paulo, Brazil, Focaccia et al. (1998) also did not find any difference in the prevalence of HCV between females and males. However, in Italy Guadagnino et al. (1997) observed a significant association with the female population, and in Egypt Nafeh et al. (2000) demonstrated a higher prevalence in males. In this community, HCV is a major problem and has been associated with parenteral treatment for schistosomiasis (El-Sayed et al., 1997) . The prevalence is almost the same in the rural and urban populations, which is in agreement with these findings (El Gohary et al., 1995) .
Regarding educational level, in our population we found a greater prevalence of HCV among individuals with ≥7 years of education. It is worth noting that the level of education in our data does not record beyond 11 years. We also found a greater prevalence among those living in neighbourhoods with better living conditions and better income level, although this was not statistically significant. These three variables (education, income and neighbourhood) are proxies for socio-economic status, and in our data it appears that HCV is more prevalent among those with better socioeconomic status but not necessarily rich. However, the numbers are small and the reason for the association with higher socio-economic status in Salvador is not clear. Since genotype of HCV has a significant association with response to therapy, it is important from a public health perspective and for planning to have a good prevalence estimate. Therefore, it is important to choose carefully survey populations that accurately reflect the global population.
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